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In this study, two W-type hexaferrite compositions, Sry75Cag25Zn «CoFes0,; (x = 0.75 and 1.0), exhibiting different
ferromagnetic resonance (FMR) frequencies, were synthesized by the solid-state method and incorporated into epoxy to fabricate
single-layer and bilayer composite absorbers. The complex permittivity and permeability of each composite were measured in the
0.1~18 GHz range and used as input parameters for electromagnetic simulations performed using the High Frequency Structure
Simulator (HFSS). The simulated reflection loss (RL) spectra showed good agreement with the experimentally measured S11 results,
confirming the reliability of the simulation approach. The absorption characteristics of W1 (x = 1.0)/W2 (x = 0.75) bilayer structures
were systematically analyzed by varying the individual layer thicknesses (d;, d,) at fixed total thicknesses (t). While the bilayer
configuration did not always outperform the single-layer structure in terms of absolute broadband absorption, it provided significantly
enhanced flexibility in tuning the absorption band. By adjusting d; and d,, the minimum RL (RL,,,), as well as the bandwidths
satisfying RL < —10 dB (Af) and RL < -20 dB (Af,), could be effectively shifted across a wide frequency range. The single-layer W2
composite exhibited the widest bandwidth, achieving Af] n.x = 10.6 GHz at d = 2.13 mm. In contrast, the bilayer structure enabled
optimization of strong-absorption regions, with the condition t = 2.5 mm (d; = 0.1 mm, d, = 2.4 mm) yielding Af na = 2.84 GHz.
These results demonstrate that combining W-type hexaferrites with different FMR frequencies in a bilayer configuration does not
merely target broadband enhancement but, more importantly, allows precise control over absorption band positioning and
impedance-matching conditions.
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Fig. 1. (Color online) M-H curves of the Srg75CagsZn, (CocFe14027
powders with (a) x =0.75, 1.0.
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Table L. Saturation magnetization (Ms), coercivity (Hc), FMR frequency (fmz), minimum reflection loss (RLin), frequency of RLuin (frzmin)s
and thickness of RLin (@rimin) Of the Srg75Cag25Zn, CoFe 60427-epoxy (10 wt%) composites with x = 0.75, 1.0.

X Mg (emu/g) Hc (Oe) frvr (GHz) Srimin (GHz) RLmin (GHz) drimin (Mm)
0.75 74.2 73.8 7.8 11.7 -30.6 2.1
1.0 73.4 54.0 2.5 3.32 -41.5 5.1
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Fig. 2. (Color online) (a, b) complex permeability and permittivity (i, ", €', and €”) spectra (0.1 < f'< 18 GHz) of the Sry75Cag,5Zn, ,Co,Fe 4027

powders-epoxy (10 wt.%) composites with x = 0.75, 1.0.
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Fig. 3. (Color online) (a, b) RL maps of the Sry75Cag,5Zn,_CoFe1s0,7 powders-epoxy (10 wt.%) composites with x = 0.75, 1.0.

Zin _ 1K (2
Zin_
RL = %o
(dB) = 20log s
@ +1
ZO

o) HolH z, Amel 9

[e)

g

E

=
L

A

-5 yehdo

(M

(@)

Ao, 7= AR o
HALE ou)git}. Bgl g, = &' — j¢” and p = p' — ju”
Z¥zr Age Ha e

WA RLYES Tl W Fig, 2()-2delM ZH

g, e, p" S olgsk] A1k e wet AAreT
Fig. 3(a), (02 RL mapollA 71 npgZ: 44L& RL
-10 dB ¥& Ve, o] A e X A9
YA 90% olde] F5ES ovlgith. ok
RL < -20 dB 99202, ouix|2] 99% o]’fo]
ERAT), o]e} Zhe whxloz A WA} v WA
d9e 77 RL < =30 dB ¥ RL < —40
21, IR 99.9%2} 99.99% o]to]
SN

Fig. 3(a)2] x = 1

0 XL 34 GHz F95= 9, 5mm
FAE T4 7)ok 3§

4 v} spgaeln 5

o
=]



L A= Journal of the Korean Magnetics Society Vol. 36, No. 1, February 2026

—-5-

oz WA HX= FHLSE ¥4 gHo] A vhd B 3l Fig. 4(c)= WI/W2 FHZ 72 E3A o] dis] 449
o =2 AgAploldAdE FMR T35 ZHe x = 0.75 RL spectra@-2 =40)9} AlGFE spectra(f@-2 T4)E FA
249 EfHl= 2~3 mm FA GollA 7~18 GHz WA= plotale] YJERATE. Fig. 4(d)e RL AZAS 3 set-up
7122 YA 94 e F5F J9e Bg NFHog HejF= adgold, WI/W2 JF Alg =3 A

Fig. 4(a~c)olAl= HFSS Alkk] 215438 53] <3l AHZF A5 Cu-end 20l WIo] £o] e CuWI/W2 +
I S 2 FAE W] AR E3A wi, Zo|t}, W1, W2 Ztzte] =S éét‘& 749~ HFSS Alxk
W2 23l o]5S FHZEle] EQl wWi/w2 Alg ko] A& RL s pectra A= oRke] 231 Holu wi/w2 F
HFSSAILMS: B3l &2 RL spectra®} S11S 53 A= RL =9 745 Ak Aol vy 958 AEE BRI o]
spectras B3t AAIBIATE Fig. 4@ x = 0.75 249 3.0 JJr HEl= W1, W2 =9 FAE d, dgt & u)

B3(W2), Fig. 4b)e x =

1.0 249 E3A|(W1) 18]

d, d, 29 $72 AAHeR WA AEA RL 549

0 0
(a) o)
-104 -104
—_
) )
S T
-~
~ -
o
-204 o -204
——HFSS ——HFSS
= measured w— measured
-30 T T T T T T T T -30 T T T T T T T T
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
f (GHz) f(GHz)
0
(d)
(©
Network Analyzer
—~ -10
[an] S118Port1
S s
: co-axial air-line
o
204 & | s 4 cu-end
sample
—HFSS
w— measured
-30 T T T T T T T T

0 2 4 6 8 10 12 14 16 18

f(GHz)

Fig. 4. (Color online) RL spectra of (a) the W2 composite (x = 0.75, d = 2.98 mm), (b) the W1 composite (x = 1.0, d = 3.10 mm), and (c) the
stacked W1 (3.10 mm)/W2 (2.98 mm) samples, obtained from both HFSS simulations and S11 measurements; (d) a schematic diagram of the S11
measurement setup.
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Fig. 5. (Color online) (a) RL spectra of W1/W?2 stacked composites for various combinations of layer thicknesses d; and d, with the total thickness
fixed at 3.0 mm, and (b) RL spectra of W1/W2 composites with total thicknesses of 3.0, 3.5, 4.0, 4.5, and 5.0 mm, where d, and d, were optimized
at each total thickness to achieve the maximum [RLmin|.
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Table II. Optimized layer thicknesses of the W1 and W2 layers (d;
and d,) that yield minimum reflection loss (RL,y;,) in W1/W2 bilayer
absorber for each total thickness (t = 3.0, 3.5, 4.0, 4.5, and 5.0 mm),
along with the corresponding RL,;, and its frequency (frimin)-

t Optimized thickness (mm) RLi, Frtmin
(mm) d, d; (dB) (GHz)
3.0 1.30 1.70 -543 7.72
3.5 2.25 1.25 -51.4 6.78
4.0 2.40 1.60 -42.0 5.75
45 2.65 1.85 —41.1 491
5.0 3.00 2.00 -34.4 4.24
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Table III. Optimized thicknesses of W1 and W2 layers (d; and d,)
that yield the maximum bandwidth satisfying RL <—10 dB (Af}. max)
for each total thickness t (1.9~2.75 mm), along with the
corresponding Af] max Values.

t (mm) d; (mm) dy (mm) Mi.max (GHz)
1.9 0.0 1.9 >7.55 GHz
2.0 0.0 2.0 >9.95 GHz
2.04 0.0 2.04 >10.40 GHz
2.05 0.0 2.05 >10.39 GHz
2.06 0.0 2.06 10.43 GHz
2.1 0.0 2.1 10.52 GHz
2.11 0.0 2.11 10.53 GHz
2.12 0.0 2.12 10.53 GHz
2.13 0.0 2.13 10.60 GHz
2.14 0.0 2.14 10.51 GHz
22 0.0 22 9.43 GHz
225 0.1 2.15 8.60 GHz
23 0.2 2.1 8.51 GHz
2.5 0.7 or 1.0 1.8 or 1.5 6.57 GHz
2.75 1.0 1.75 5.42 GHz

A B AL Fel AdiZE He 21S EFsaAt SR
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NS TE3hE dy, d, B A 3 wje] ke Fo gt
Ay et Ay mo= Table 111, Table IVol] Z}z} AAISITE
WA Table MEIA t < 2.05 mm dME {5 Fdo] 54
W21 18 GHz ©1dS Fol7lr] whitoll B3t Afi e



L A= Journal of the Korean Magnetics Society Vol. 36, No. 1, February 2026 -7-

Table IV. Optimized thicknesses of W1 and W2 layers (d, and d,)
that yield the maximum bandwidth satisfying RL < —-20 dB (A%, max)
for each total thickness t (1.9~2.75 mm), along with the
corresponding Af, . values.

t (mm) d; (mm) d, (mm) Ab. max (GHZz)
1.9 0.1 1.8 2.38 GHz
2.0 0.4 1.6 1.88 GHz
2.05 0.3 1.75 1.74 GHz
2.06 0.3 1.76 2.76 GHz
2.1 0.3 1.8 2.08 GHz
2.11 0.3 1.81 191 GHz
2.12 0.3 1.82 1.79 GHz
2.13 0.3 1.83 2.05 GHz
2.14 0.0 2.14 2.06 GHz
22 0.4 1.8 2.01 GHz
2.25 1.0 1.25 2.17 GHz
23 0.4 1.9 1.43 GHz
25 0.1 24 2.84 GHz
2.75 1.0 1.75 2.58 GHz
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